A Gram-stain-negative, rod-shaped, exopolysaccharide-producing, strictly aerobic bacterium with a single polar flagellum, designated strain HL22-2 T , was isolated from a phosphate mine situated in a suburb of Kunmming in Yunnan province in south-western China. The taxonomic status of this strain was evaluated by using a polyphasic approach. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain HL22-2 T was related to members of the genus , 2007). At the time of writing, the genus Pseudomonas comprised at least 207 species with validly published names (http://www.bacterio.net/p/pseudomonas.html). During an investigation of the diversity of cultivable micro-organisms in a phosphate mining field ecosystem, strain HL22-2 T was isolated from phosphate rock powder samples and selected for further characterization using a polyphasic approach, including analysis of genotypic, chemotaxonomic and classical phenotypic characteristics. Based on our results, we consider that strain HL 22-2 T represents a novel species of the genus Pseudomonas.
The genus Pseudomonas, proposed by Migula (1894) , belongs to the family Pseudomonadaceae within the class Gammaproteobacteria. This genus accommodates species that are characterized as Gram-stain-negative, motile with one or several polar flagella, catalase-positive and contain the hydroxylated fatty acids C 10 : 0 3-OH and C 12 : 0 3-OH, and ubiquinone Q-9 (Palleroni, 2005) . Members of the genus Pseudomonas have been reported to exist in a diverse range of ecosystems, and represent one of the most divergent bacterial groups in terms of their metabolic versatility. Some species are pathogenic to humans, animals or plants, whereas others have potential biotechnological applications. Exopolysaccharides (EPS) are produced by a broad range of species of the genus Pseudomonas (Cho et al., 2009 , Freitas et al., 2009 , Kuźma et al., 2012 . The EPS from Pseudomonas aeruginosa have been extensively studied and include alginate, Psl and Pel (Ryder et al., 2007) . At the time of writing, the genus Pseudomonas comprised at least 207 species with validly published names (http://www.bacterio.net/p/pseudomonas.html). During an investigation of the diversity of cultivable micro-organisms in a phosphate mining field ecosystem, strain HL22-2 T was isolated from phosphate rock powder samples and selected for further characterization using a polyphasic approach, including analysis of genotypic, chemotaxonomic and classical phenotypic characteristics. Based on our results, we consider that strain HL 22-2 T represents a novel species of the genus Pseudomonas.
Strain HL 22-2 T was isolated from phosphate rock powder samples collected at a phosphate mining field situated in a suburb of Kunmming in Yunnan province in south-western China. A sample (1 g) was suspended in 9 ml sterile distilled water and serial dilutions were made. Aliquots (0.1 ml) of appropriate dilutions were spread on Luria-Bertani (LB pH 7.2; 1 % tryptone, 1 % NaCl, 0.5 % yeast extract; w/v) agar plates and incubated at 30 u C for 4-5 days. The purity of cultures was assessed by colony morphology and microscopy. For short-term preservation, serial transfer from agar slants to an appropriate medium was performed and the agar slants were stored at 4 u C. For long-term preservation, the strain was stored at 280 u C in LB broth with 20 % glycerol (v/v). For taxonomic purposes, Pseudomonas xanthomarina KMM 1447 T and Pseudomonas stutzeri ATCC 17588 T were purchased from their respective culture collection centres and used as reference strains.
Cell size and morphology of strain HL22-2 T were assessed by light microscopy (Eclipse 50i; Nikon) and by transmission electron microscopy (JEM-1400; JEOL) after incubation for 2 days at 30 u C on LB agar. Appearance of colonies was assessed by visual inspection. Gram staining was performed with a bioMérieux Gram-stain kit according to the manufacturer's instructions. Catalase activity was confirmed by adding 3 % (v/v) hydrogen peroxide solution to colonies grown on LB agar. Oxidase activity was determined using 1 % (w/v) N,N,N9,N9-tetramethyl-1,4-phenylenediamine dihydrochloride. Growth at different temperatures and pH values was investigated using LB as the basal medium. NaCl tolerance was tested using LB broth supplemented with 0, 1, 2, 3, 4, 5, 6 and 7 % (w/v) NaCl. Methyl red and Voges-Proskauer tests, nitrate reduction, H 2 S production, gelatin liquefaction, casein hydrolysis and urease activities were tested according to the methods of Dong & Cai (2001) . Amylases were detected in plates that contained 1 % (w/v) soluble starch in LB medium. After 3 days incubation at 30 u C, the plates were stained using Congo red (Baik et al., 2010) , then flooded with 0.2 % (v/v) aqueous Congo red dye solution followed by removal of excess dye and flooding of the plate with 1 M NaCl solution. A clear zone around bacterial growth indicated positive hydrolysis. Other enzyme activities were assayed using the API ZYM system (bioMérieux) according to the manufacturer's instructions. The utilization of substrates as single carbon sources was determined as described by Zhou et al. (2007) Growth was monitored by measuring the increase in optical density at 600 nm (OD 600 ) of the culture using a spectrophotometer. Sensitivity to antibiotics was tested using the diffusion method on LB agar at 30 u C with filter-paper discs (8 mm diameter) containing the following antibiotics: chloramphenicol (30 mg), erythromycin (15 mg), penicillin G (10 IU), rifampicin (5 mg), vancomycin (30 mg), kanamycin (30 mg), neomycin (30 mg), bacitracin (0.04 IU), novobiocin (5 mg), norfloxacin (10 mg) and ciprofloxacin (5 mg). The effects of the various antibiotics on cell growth were assessed after incubation for 2 days; the strain was considered susceptible when the diameter of the inhibition zone was .10 mm and resistant when ,10 mm.
Cells of strain HL22-2
T were Gram-stain-negative, nonpigmented, rod-shaped and strictly aerobic with a single polar flagellum. Cells were 0.6-0.8 mm in diameter and 1.4-2.0 mm in length (Fig. 1) . No accumulation of poly-bhydroxybutyrate granules as inclusion bodies was observed. After two days incubation on LB agar colonies were circular, opaque and pale yellow with radial wrinkles. The optimal temperature for growth of strain HL22-2 T was 30 u C, growth was observed at 4-41 u C. The optimal pH for growth was pH 7.0, growth occurred at pH 5.0-9.0. EPS production was observed on LB medium containing 1 % (w/v) soluble starch or dextrin after cultivation of strain HL22-2 T for 4 days. EPS structures are under investigation. Other phenotypic features of strain HL22-2 T are presented in Table 1 and in the species description. In Table 1 , some characters of P. xanthomarina KMM 1447 T and P. stutzeri ATCC 17588 T were tested simultaneously with strain HL22-2 T , and the results agreed with the original description of the two species. Table 1 shows that some phenotypic characteristics of strain HL22-2 T were in accordance with characteristics of the other four closely related species of the genus Pseudomonas, indicating that strain HL22-2 T is a member of the genus Pseudomonas. However, the detailed phenotypic characteristics of strain HL22-2 T allow strain HL22-2 T to be differentiated from closely related species of the genus Pseudomonas, indicating that strain HL22-2 T represents a novel species of the genus Pseudomonas.
Genomic DNA was extracted according to the standard procedure of Sambrook & Russell (2001) . The 16S rRNA gene was amplified by PCR using a universal primer set corresponding to Escherichia coli positions 27F (59-GAGTTTGATCCTGGCTCAG-39) and 1492R (59-TACG-GTTACCTTGTTACGACTT-39). The purified PCR product 
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was cloned into the pGEM-T vector and sequenced on an Applied Biosystems (Foster) Automatic Sequencer. The resulting sequence was compared with available 16S rRNA gene sequences from the GenBank database using the BLAST program (http://www.ncbi.nlm.nih.gov/BLAST/) and the EzTaxon-e database (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The phylogenetic relationship between strain HL22-2 T and closely related species was determined by using MEGA software version 5.0 (Tamura et al., 2011) after multiple alignments of the data were performed by using CLUSTAL_X (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Yang, 1997) and maximumparsimony (Felsenstein, 1983) methods. The topologies of the trees were evaluated using bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings.
The full-length 16S rRNA gene sequence of strain HL22-2 T determined in this study was 1498 bp. A preliminary comparison between the 16S rRNA gene sequence of strain HL22-2 T and sequences in public databases indicated that strain HL22-2 T belonged to the branch corresponding to the genus Pseudomonas and could be clearly discriminated from 16S rRNA gene sequences of other species of this genus. Strain HL22-2 T was most closely related to P. xanthomarina KMM 1447 T (98.98 % 16S rRNA gene sequence similarity), Pseudomonas alcaliphila AL15-21 T (98.10 %) and P. stutzeri ATCC 17588 T (98.06 %). The phylogenetic position of strain HL22-2 T and related species is shown in a neighbour-joining tree (Fig. 2) . In this phylogenetic tree, the isolate formed a cluster with P. xanthomarina KMM 1447 T , P. stutzeri ATCC 17588
T and Pseudomonas balearica SP1402 T within the genus Palleroni (1984 Palleroni ( , 2005 . dValues were obtained with the thermal denaturation method. §Values were obtained with buoyant density of DNA (Mandel, 1966) . Ranges of DNA G+C content are results for multiple strains. ||Values were obtained with HPLC.
Pseudomonas. The relationship between strain HL22-2 T , P. xanthomarina KMM 1447 T , P. stutzeri ATCC 17588 T and P. balearica SP1402 T was maintained in phylogenetic trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms (Fig. 2) . 16S rRNA gene sequence similarities and phylogenetic analysis (with high bootstrap values) indicated that strain HL22-2 T is a member of the genus Pseudomonas, and is clustered in the Pseudomonas stutzeri group (Anzai et al., 2000) .
The G+C content of the DNA was determined by the thermal denaturation method (Marmur & Doty, 1962) with Escherichia coli K-12 as the reference strain. DNA-DNA hybridization values were determined from the initial DNA-DNA liquid reassociation rate as described by De Ley et al. (1970) and modified by Huß et al. (1983) . Tests were performed on a Beckman DU 800 spectrophotometer equipped with a temperature program controller. The DNA G+C content of strain HL22-2 T was 60.3 mol%. DNA-DNA relatedness values between strain HL22-2 T and P. xanthomarina KMM 1447 T and P. stutzeri ATCC 17588 T were 34.18 % (±0.82 %, standard deviation of three replicates) and 38.92 % (±3.44 %), respectively. As the recommended threshold value for the delineation of genomic species is considered to be 70 % DNA-DNA relatedness (Wayne et al., 1987) , strain HL22-2 T could be confirmed as belonging to a different species.
Respiratory quinones were extracted according to the method of Minnikin et al. (1984) and were analysed by HPLC as described by Collins (1985) , with previously characterized ubiquinones as references. The predominant ubiquinone of strain HL22-2 T was Q-9, which was consistent with other species of the genus Pseudomonas.
Cellular fatty acid profiles were determined from biomass harvested from Petri dish cultures on LB medium after 2 days of incubation, which corresponded to the stationary phase of growth. Cellular fatty acids were saponified, methylated and identified using the Instant FAME method of the Microbial Identification System (MIDI) version 6.0B and the TSBA6 6.00 database. The major fatty acids (.10 %) detected (percentage of the total cellular fatty acids) in strain HL22-2 T were C 18 : 1 v7c (30.5 %), C 16 : 0 (23.6 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c, 20.5 %). The major cellular hydroxy fatty acid was C 12 : 0 3-OH (3.6 %). A comparative analysis of the fatty acid profile of strain HL22-2 T with those in the MIDI TSBA library produced the closest match with P. balearica (similarity
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Pseudomonas anguilliseptica index value, 0.433). The details of the fatty acid profiles of strain HL22-2 T and type strains of four closely related species of the genus Pseudomonas are shown in Table 2 . The fatty acids of strain HL22-2 T showed good correlation with the fatty acid patterns of closely related species of the genus Pseudomonas, indicating that strain HL22-2 T is a member of the genus Pseudomonas.
Based on the above phenotypic, chemotaxonomic and phylogenetic characterization, strain HL22-2 T represents a novel species of the genus Pseudomonas, for which the name Pseudomonas kunmingensis sp. nov. is proposed.
Description of Pseudomonas kunmingensis sp. nov.
Pseudomonas kunmingensis (kun.ming.en9sis. N.L. fem. adj. kunmingensis pertaining to Kunming, the region in Yunnan, China, where the type strain was isolated).
Cells are Gram-stain-negative, non-pigmented, rodshaped, strictly aerobic, with a single polar flagellum, 0.6-0.8 mm in diameter and 1.4-2.0 mm in length. No accumulation of poly-b-hydroxybutyrate granules as inclusion bodies is observed. Colonies are circular, opaque, pale yellow with radial wrinkles after incubation for 2 days on LB agar. The optimal temperature for growth is 30 u C, with growth observed at 4-41 u C. The optimal pH for growth is pH 7.0 and growth occurred at pH 5.0-9.0 and with up to 6 % (w/v) NaCl in LB medium. Nitrate reduction, and catalase and oxidase activity tests are positive, while methyl red, Voges-Proskauer and H 2 S production tests are negative. Positive for the production of amylase, but negative for caseinase and gelatinase activities. Produces alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and b-glucosidase, but not a-galactosidase, b-galactosidase, The type strain, HL22-2 T (5CGMCC 1.12273 T 5DSM 25974 T ), was isolated from phosphate rock powder samples collected at a phosphate mining field in Kunming, Yunnan province, China. The DNA G+C content of the type strain is 60.3 mol%. 
